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ANTS is a system architecture based on three key principles.
1. Multi-level autonomy

2. Specialization & division of labor

3. Coordinated behavior

AUTOROMY AT ALL LEVELS.
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The architecture is an analog of social insect colonies.

Individual elements are e -

highly autonomous, iz
highly capable, but

highly dependent on each other ) ‘
to meet system goals. '\\
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* Multi-agent systems
« Distributed in space and size (chips to constel\atlons)

Development approach

NANO-TECHNOLOGY - SWARM > DISTRIBUTED SPACE SYSTEM
L Achtecture development o CoMar SFC - Division of Labor

+ ANTS & Distributed Space Systems 't ‘
. Mission/System conceptualization "

« Prospecting Asteroid Mission (RASC)

* Advanced Solar Imaging Radio Array (proposed)

« Saturn Autonomous Ring Array (RASC proposal)

B SPECIALIZATION & TEAMWORK icati
b o opertions - NE€Ar-term Application

4. Software modeling & simulation
«  ANTS-Sim (multi-agent / multi-spacecraft)
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SWARM: convention, Evolution, Revolution
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. Engineering models

+ Addressable Reconfigurable Technology ‘pr
Summary Results
1. ANTS architecture for DSS study & design.___
+ Rethinking the role of the spacecraft bus
« From mission focus to infrastructure

ANTS/PAM : Mission Concept 2020
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2. ANTS architecture has been applied to the problem of

exploring the Main Belt Asteroids. Convention
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« Mission concept in place, trade studies outlined Controlled
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« Next step: engineering models & simulation Deployed e Schedule and Funding
4. Initial concept for Saturn Ring exploration developed Organized _ Yomed Yoed o)
5. ANTS-Sim models & simulation still in development Team $Sub-swarm S Swarm el
6. Onboard Radio Astronomical Imaging in study for ST8

+ Advanced onboard computing plays a key role

Web site: http://ants.gsfc.nasa.qov/
ANTS has been supported by GSFC Internal Research & Development and
NASA’s Revolutionary Aerospace Systems Concepts program. NASA/HPCCP
supported work on onboard Radio Astronomical Imaging.
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AUTONOMY AT ALL LEVELS
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“The Robert C. Byrd Green Bank Telescope, 100 mater diameter, with an
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improvements will include holographic imaging and laser ranging for
improved surface figure. Detal shows truss work behind the reflecting
surface (NRAOJAUIINSF). Addressable Reconfigurable Technology (ART)
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Autonomous Nano Technology Swarm
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‘nexplored Frontier: The Asteroid Belt

Survey 1000 asteroids a year.

Mission functions distributed across a
thousand specialized spacecraft

Present nano-spacecraft extended into
pico-spacecraft regime (~ 1 kg).

On-board computation, artificial
intelligence, heuristic systems.

Emergent behavior at single, group,
and swarm system levels.

Solar sail propulsion: 0.8 AU/YR

Long & Short range communication
About ten spacecraft subtypes based on

Contact science sensors, in two general classes.
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